Abstract
Introduction
The emergence of supply chain has created needs for enterprise integration and coordination of material flows, information flows and financial flows. The logistics integration ultimately seeks to standardize and organize the interdependencies between chain actors, useful to meet these needs, with the objective of overall benefit. Within a supply chain, a company must not only integrate its local objectives in its decisions, but also consider those of its partners, which can be contradictory. Companies are thus brought to cooperate to define an overall strategy. To investigate the intercompany, it is necessary to determine the issues and interests of each actor in the supply chain. Several tools and techniques as the methods of decision support are deployed and implemented between the actors of the company expanded to meet the need for cooperation.
In recent years, Multi-Agent Systems (MAS) have been recognised as one of the technologies that would facilitate cooperation in extended enterprise environnement with the capabilities to meet the ever-increasing needs for flexibility, robustness and adaptability to the rapid changes that occur in the manufacturing environment. According to Parunak [1] , the network organizations of production and distribution have the same characteristics as Agents: autonomy, social ability, reactivity and proactivity. Agent techniques have recently become very popular since they possess the characteristics of ongoing execution, environmental awareness, Agent awareness, autonomy, adaptiveness, intelligence, mobility, anthropomorphism, and reproduce [2] . Before the emergence of the semantic web, Agents had to face the problems derived from the lack of structure characterizing much of the information published on the web. Nowadays, the semantically annotated information of the semantic web can be automatically processed by Agents, so that new powerful opportunities open up for both application developers and users.
According to Booth et al., in [3] web services arose as the best solution for remote execution of functionality. This was partly due to web services-related properties such as operating system and programming language-independence, interoperability, ubiquity and the possibility to develop loosely coupled systems. However, as the web grows in both size and diversity, there is an increased need to automate aspects of web services such as discovery, execution, selection, composition and interoperation. Semantic web service technology that is, the semantic annotation of service capabilities has been the solution proposed [4] .
Both MAS and semantic web service technologies are able to reach remarkable achievements and in some cases have overlapping functionalities. Thus, though the intelligent Agents and web services paradigms are often viewed as similar and competing, several research studies have demonstrated that the cooperative interaction between them can lead to the development of new more powerful applications [5] .
The purpose of this paper is to analyze some of the projects that have attempted to combine these technologies, and point out the shortcomings of these current solutions. On the basis of this analysis, we present the intelligent System for Extended Enterprise Cooperation (i-SEEC) which provides a seamless integration of the technologies by making use of ontologies to facilitate their interoperation. Our contribution is architecture for assistance in collaborative decision-making in the context of the extended enterprise. In order to validate the utility of the proposed system, we have applied i-SEEC in transport chain of containerized goods.
The remaining parts of this paper are organized as follows. The fundamentals of intelligent Agents and (semantic) web services technologies are described and different tools and research studies related to the integration of these technologies are analyzed in section 2. The Related works are described in Section 3. A framework for the proposed Model is shown in Section 4. A conclusion is given in Section 5.
Background
The main purpose of this section is to justify the need for an integrating approach that combines both MAS and SWS technologies.
Multi-Agent System
A MAS can be seen as a system consisting of a group of Agents that can potentially interact with each other. MAS present several advantages over isolated Agents, such as reliability and robustness, modularity and scalability, adaptivity, concurrency and parallelism, and dynamism [6] . Wooldridge in [7] distinguishes between distributed problem solving systems (constituted by Agents explicitly designed to cooperatively achieve a given goal) and open systems (Agents developed by different people to achieve possibly different objectives). Agent Communication Languages have been developed so that Agents can carry out negotiation processes. Examples of such languages are KQML (Knowledge Query and Manipulation Language) and FIPA-ACL (Foundations for Intelligent Physical Agents-Agents Communication Language).
Several design methodologies have been proposed to facilitate the development process of MAS. These methodologies are mainly based on traditional software methodologies that are extended to support this new programming paradigm. The most accepted ones are MAS-CommonKADS, ZEUS, GAIA, MaSE, and INGENIAS. For the purposes of this work, the INGENIAS methodology [8] has been applied. There exist different FIPA compliant Agent platform implementations: FIPA-OS (FIPAOpen Source), JADE (Java Agent Development Environment) and ZEUS are the most popular. In this work, the JADE Agent platform has been chosen.
Agent technology is appropriate for the development of complex and distributed applications, in environments that incorporate numerous components with different expertise and conflicting interests [6] . Besides, MAS can contribute features such as autonomy, proactiveness and goal-oriented behaviour. Despite the unquestionable benefits of this technology, several problems prevent it from being used/implanted at a massive scale in Industry [9] .
Semantic web services
Semantic web services [4] are a new technology resulting from the combination of two other technologies, namely, the semantic web [10] and web services [11] . The idea is to take advantage of the benefits of these technologies and complement them in order to develop powerful new applications.
The joint application of semantic web and web services in order to create intelligent web services is referred to as semantic web services (SWS) [5] . SWS are a step forward in the way to a Next Generation Web. They consist in describing web services with semantic content so that service discovery, composition and invocation can be done automatically by, for example, the use of intelligent Agents able to process the semantic information provided.
The W3C is currently examining various approaches with the purpose of reaching a standard for the SWS technology: OWL-S, WSMO, SWSF, WSDL-S, and SAWSDL. The first approach to be submitted to the W3C was OWL-S (OWL Web Ontology Language for Services) [12] , namely, an ontology for services that makes it possible for Agents to discover, compose, invoke, and monitor services with a high degree of automation.
From its conception, SWS technology has been linked to Agents [13] and [5] and. In this context, the concept of 'Agent' refers to autonomous software entities able to exploit the semantic aspect of data. The semantic markup of service capabilities was intended for autonomous software entities to be able to understand process and use them in order to satisfy high-level objectives [13] . By considering the different SWS approaches identified before, Agents should be able to automatically discover, select, compose, execute and monitor Web Services and dynamically adapt themselves to changes in the environment.
Related works
Multi-Agent systems have been proven suitable to represent domains such as supply chain networks which involve interactions amongst manufacturing organisations, their customers, suppliers, etc. with different (possibly conflicting) individual goals and propriety information [14] . Swaminathan, Smith, and Sadeh in [15] , Valluri and Croson [16] adopted Agent technology to develop frameworks to evaluate and improve the performance of supply chain structures. Li and Fong in [17] proposed Agentbased architectures to facilitate the formation and organisation of virtual enterprises for order management. Turoski in [18] developed Agent-based techniques for coordinating activities of ecommerce and internet-based supply chain system for mass customisation markets. Bo and Zhiming in [19] developed a multi-Agent system supply chain management tool to evaluate various scheduling algorithms for orders allocated to different suppliers. Sadeh & al in [20] developed the MASCOT decision-making tool; a reconfigurable, multilevel, Agent-based architecture for coordinated supply chain planning and scheduling.
He and Leung in [21] developed a supply-chain Web centric system, called the SC-Web-CS, which could provide different domain entities such as services, providers, transports, ordering, manufacturers, customers, distributors, retailers, and search. The system also considered some functions in implementation, including virtual clustering mechanism, communication platform across the system, interoperability, mobility, customer-centric service, XML/RDF encoding, and prototype implementation. Most of the above approaches considered multiple Agents and simulation techniques in single companies. They did not use Semantics to allow for flexible information query with different linguistic terms.
Wu and al. in [22] used the XML/ RDF techniques to assist Agents in accessing databases to capture different data. They, however, only gave a rough introduction and did not describe how to use the Semantic web in SCM. Handler in [23] exposed that Web Services included techniques of Web ontology and Web Agents. They used the Web Ontology Language (OWL) to describe knowledge resources that could allow the use of linguistic terms for Semantic query. The Agent systems could solve problems of B2B and B2C EC in the Web-based transaction environment with machine-tomachine interaction.
Berners and Lee in [24] presented a Web-based knowledge management system for facilitating seamless sharing of product data among application systems in virtual enterprise. The sharing of product data included metadata, ontology, mapping relationships and applications. Khaira in [25] formulated Agent strategies in a supply chain model based on the virtual market concept with multiple Agents, and demonstrated the applicability of economic analysis to the framework by simulation under a dynamic environment. Shing and al. in [26] also indicated some key points on how Agents worked in e-marketplaces. One point was that collaborative Agents working together could achieve the task of a knowledge sharing process. They built a framework of an e-supply chain to provide an intelligent eMarketplace with multiple Agents. In their framework, Agents played different roles and took different responsibilities in the management process.
Intelligent System for Extended Enterprise Cooperation(i-SEEC)
The main objective of our work is to develop a distributed architecture based on Multi-Agent Systems (MAS) and Semantic Web Services (SWS) to support collaborative decision making in the context of extended enterprise. The Semantic Web Services provide a very high level of interworking. Nevertheless, they do not have enough degree of autonomy nor capacity to adapt in a dynamic way to the changing situations. In such situations, the intelligent Agents can contribute to give the systems a high degree of autonomy and dynamicity. In conformity with this, we propose an architecture which intelligent Agents and the SWS work together in a co-operative way in a common environment by the means of ontology for the co-operation of the various links of the extended Enterprise.
I-SEEC platform (Figure 1 ) is an open system, it offers every link in the extended enterprise the ability to integrate and benefit from its resources through two different interfaces providers and customers. Each supplier is required to deposit with the platform the semantic description of web services. The platform therefore provides a register for storing semantic web service called deposition. The platform includes a second layer containing the SWS most requested by customers called Register traceability SWS. The core of the platform is composed of four Agent dedicated respectively to the platform management, mediation, and discovery and service selection: Agent Management, Agent broker, Agent discovery and Agent selection. The platform also includes three other Agents: Agent Client Agent provider and Agent Service. The platform i-SEEC includes layer ontology with three register ontology: domain, negotiation and knowledge.
Figure1. Intelligent System for Extended Enterprise Cooperation Architecture
Proposed architecture is an intelligent environment of cooperation between firms. Indeed, users either provider or customers can respectively provide and consume appropriate web services. The following figure (Figure 2) shows functions offered by the platform to customers.
Figure 2. Uses Case "Customer"
The platform is composed of three interfaces Agents: Agent provider, Agent Customer and Agent service and four Agents (core platform): Agent management, Agent broker, Agent discovery and Agent selection. Agent provider: it is the representative of the service provider; it plays the role of an intermediary between the provider and the system. Agent Service: it is representative of the services available. The Agent service has access to the preferences and requirements established by the service provider via the provider Agent. The Agent service takes into account this information when engaging in a process of negotiation. If a service is selected by the customer, the Agent representing this service supports invocation of the latter.
Agent Customer: Each request placed by a service requester with the platform is supported by the "customer agent". The customer agent plays a crucial role in the initiation of the services discovery by transmitting request to the discovery agent. It supports also the sending of the result of the discovery phase with the customer's preferences to the selection agent and the display of result to customer after the selection process.
The core of the platform is composed of four Agents: Agent Management, Agent Discovery, Agent Broker and Agent selection (Figure 3) . The discovery Agent role is to find the set of services appropriate to Customer requests in register SWS. In fact, when it receives a request from the Customer Agent, the Agent discovery process the request, it performs the search and returns the response to the client Agent. Agent selection: The selection Agent is responsible of selecting the best set of services to satisfy customer request ( Figure 5 ).
Figure.5 Behavior diagram of the Selection Agent
I-SEEC platform provides each supplier the possibility of adding semantic description of its services via a graphical interface. Indeed filing Semantic Web Service contains the semantic description of services provided by different service providers. This deposit will allow the automation of discovery, selection and composition of web services. i-SEEC provide also a register traceability semantic web services. This deposit allows tracing the history of the various services most requested by customers. It helps to minimize the time of discovery and selection of services. It also improves the relationship between customer and supplier of the extended enterprise.
i-SEEC provide an ontology layer such as: The domain ontology: It represents a conceptualization of the specific field, while enumerating the terms which allow the description of this field and the relations between them. It allows the creation of a common vocabulary between the various Agents without mistakes in interpretation.
Negotiation Ontology: This ontology includes the concepts and the rules used for the description of the protocol of negotiation based ontology which the Agents are likely to use it to negotiate and establish an agreement on the conditions under which the services will be carried out to draw up a contract between them.
The knowledge ontology: for each Agent contains knowledge about environment. This ontology includes knowledge about tasks allocated to each Agent and the mechanisms and resources to carry out its tasks. For example, the broker Agent must have access to knowledge of mapping rules between the ontologies to resolve interoperability issues that may arise at a time data.
Conclusion and and Future Work
i-SEEC is based on a multi-tier infrastructure, where Agents and Semantic Web Services are located at two different levels. Web Services make public some parts of the private business processes of companies. Then, agents provide for higher-level functions by using, combining and choreographing those services. In this paper, we also present a proof modeling which was designed using the AUML methodology, based on the framework. As further work, we plan to evaluate the framework in terms of its performance and usability in several domains.
